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Abstract
Analytical models for wooden-doweled joints need to be developed. The objective of this research is to determine
whether the strength of wooden-doweled joints can be well predicted by equations developed for steel-doweled joints.
In this experiment, various connection parameters, such as dowel diameter, species of the wooden dowel, and angle of
joints, are studied. The joint specimens are loaded in a quasi-static state with four replications each. A5% offset
diameter method is used to determine the lateral load resistance of the tested joints, while the predictions are evaluated
by equations given in Indonesian National Standard (SNI) 7973-2013 and the European Yield Model (EYM). The
results show that experimental lateral resistance is greater than that of the SNI prediction and is between the EYM
prediction of elastic and the plastic conditions of the wooden dowel. Lateral load resistances given by the SNI and the
elastic condition EYM are around 64.53% and 78.45% of the experimental result, respectively. In contrast to steeldoweled joints, the ductility coefficient of wooden-doweled joints increases as the dowel diameter increases. This is
potentially due to the axial stiffness of the wooden dowels being relatively smaller than that of the wood member. Joint
failure occurs due to plastic bearing deformation in the wood member surrounding the dowel, followed by the formation
of two plastic hinges in the wooden dowel.

Abstrak
Tahanan Lateral Sambungan Kayu LVL Sengon dengan Alat Sambung Pasak Kayu. Sambungan kayu dengan
pasak kayu perlu dikembangkan khususnya terkait dengan model analisisnya. Tujuan dari penelitian ini adalah
mengetahui apakah kekuatan sambungan kayu sistem pasak kayu dapat diprediksi dengan persamaan yang
dikembangkan dengan sambungan baut besi atau tidak. Pada penelitian ini, parameter kekuatan sambungan dikaji
dengan melakukan variasi diameter pasak, berat jenis pasak dan sudut sambungan. Pengujian sambungan dilakukan
secara quasi-statik monotonik dengan empat sampel ulangan. Metode offset 5% diameter digunakan untuk menentukan
tahanan lateral sambungan eksperimen, sedangkan prediksinya dilakukan dengan persamaan SNI 7973-2013 dan EYM.
Hasil penelitian menunjukkan bahwa tahanan lateral eksperimen lebih besar dibandingkan dengan prediksi SNI dan
berada di antara prediksi EYM kondisi elastis dan plastis pasak kayu. Tahanan lateral prediksi SNI dan EYM elastis
berturut-turtu sebesar ± 64,53% dan ±78,45% dari nilai tahanan lateral eksperimen. Berbeda dengan sambungan kayu
menggunakan baut besi, nilai daktilitas sambungan kayu dengan pasak kayu meningkat dengan penggunaan diameter
pasak yang lebih besar. Hal tersebut sangat mungkin karena nilai kekakuan aksial (EA) pasak kayu jauh lebih kecil
daripada kekakuan aksial batang kayu yang disambung. Kegagalan sambungan terjadi berupa rusak tumpu pada kayu
sambungan serta terbentuknya dua sendi plastis (titik bengkok) pada pasak kayu.
Keywords: joints, lateral load resistance, LVL Sengon, wooden dowels

renewable sources and their strength properties do not
differ much from those of the (connected) wooden
members, resulting in an optimal connection structural
performance. Wooden-doweled joints have the merit of
consuming less energy and are free from the condensation phenomenon that is found in steel-doweled joints

1. Introduction
The joint is one of the most important components of
structures, especially in wooden constructions. In contrast
to steel-bolted connections, wooden-doweled joints have
several advantages: they can be readily obtained from
143
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[1]. Moreover, a previous study indicated that woodendoweled joints typically had a higher connection
efficiency value than nailed or screwed joints [2].
Miller et al. (2010) reported that wooden-doweled joints
had different failure modes compared to steel-doweled
joints [3]. They proposed a new yield model to overcome
this problem. Our study was aimed to evaluate whether
the lateral resistance of wooden-doweled joints can be
predicted by equations for steel-doweled joints provided
in SNI 7973-2013 [4] and the European Yield Model
(EYM) [5]. In addition, this study investigated the
failure modes of wooden-doweled joints.

parallel to the initial stiffness (slope between 0% and
40% of the peak load) and the load-slip test curve. In the
bilinear method, the yield point is obtained from the
intersection between initial stiffness (ko) and second
stiffness (ks), as illustrated in Figure 1.
Lateral load resistance. Lateral load resistance given
by SNI7973-2013 [4] and the EYM [5] is summarized
in Table 1 and Table 2. They were developed according
to the joint failure modes shown in Figure 2.
Z permitted SNI ≤ θ Z . K F n f . Z

(5)

2. Methods
Dowel bearing characteristics. Complex bearing yield
stress (Fe) is determined by Eq.(1) where fe is the dowelbearing stress and fcvf is the partial compression
perpendicular to the grain of the wood member [1].

{

Fe = min. f e ,α F , f cvf

}

(1)

In the above equation, αF is the amplification coefficient
on the embedment yield stress (1.9 for a wooden dowel
diameter of 18 mm [1]).
Dowel bending yield stress. When a dowel is bent
under application of a single point load, its internal stress
may reach an elastic or plastic condition. The plastic
and elastic bending moments are expressed in Eq.(2)
and Eq.(3), respectively.
1
M yb = . Py .l
4

(2)

1
M p = . Pmax .l
4

(3)

where:
Myb
Mp
Py
Pmax
l

= elastic bending yield moment (Nmm)
= plastic bending moment (Nmm)
= yield load (N)
= maximum load (N)
= span (mm)

Failure
mode

Lateral load resistance of SNI, ZSNI

Im

d .l m . Fem
4 .K θ

Is

2.d .l s . Fes
4 .K θ

IIIs

2.k3 d .l s . Fem
(2 + Re ).3 ,2 . K θ
 2 .d 2 


 3,2. K 
θ 


2 . Fem . Fyb
3 .(1+ Re )

Table 2. Lateral Load Resistance based on the EYM [5]

(4)

where:
i = 1, 2, ....., n and n is the number of experimental data
A, B, C = constant coefficients and X, Y, Z = variables
5% offset diameter and bilinier methods. In the 5%
offset diameter method, the yield point is defined as the
intersection of a straight line (offset 5% diameter)
Makara J. Technol.

Table 1. Lateral Load Resistance Found in SNI 7973-2013 [4]

IV

Multivariable regression analysis. Regression analysis
was used to obtain an empirical equation of the bending
yield moment (Myb) with respect to the wooden dowel
diameter and its specific gravity as stated in Eq.(4).
Z i = A . X iB . YiC

Figure 1. 5% Offset Diameter and Bilinier Methods [6]

Failure
mode
Im

Lateral load resistance of the EYM,
ZEYM
Fem .l m .d

Is

2 . Fes .l s .d
2.

IIIs

IV

2.

Fes .l s .d
.k
2+β

2.β
2 . M .Fes . d
1+ β
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(a) Failure mode Im

(b) Failure mode Is

(c) Failure mode IIIs

(d) Failure mode IV

Figure 2. Failure Modes of Double-shearwooden Joint

K θ = 1+ 0 ,25 .
β = Re =

Load (P)

(7)
2
2(1+ Re ) 2 . Fyb (2 + Re ).d
+
Re
3 . Fem .l s 2

2.β (1+ β )+

4 .β (2 + β ). M
−β
Fes .l s .2 .d

K

0,8 Pmax

Py
0,4 Pmax

(8)
0,05 x dowel diameter

0,1 Pmax

(9)

where:
Fem = bearing yield stress in main member (MPa)
Fes = bearing yield stress in side member (MPa)
lm = dowel thickness in main member (mm)
ls
= dowel thickness in side member (mm)
d
= dowel diameter (mm)
Fyb = dowel bending yield stress (MPa)
M = bending moment of dowel (Nmm)
θ
= angle of loading to the grain
φz = reduction factor of lateral load resistance (0.65)
KF = conversion factor of format
nf = number of dowels
Initial stiffness and ductility. The initial stiffness of
the wooden joints was calculated to be between 10%
and 40% of the peak load (Figure 3). The ductility
coefficient was obtained by comparing the joint slip at
0.8 Pmaks (δ0.8Pmaks) and the slip at the yield load (δy).
Test standards and materials. Table 3 lists the test
standards used in each step of the experiment. Laminated
veneer lumber (LVL) Sengon (Paraserianthes falcataria)
was used in this study. LVL is a wood product manufacMakara J. Technol.

Pmax

(6)

Fem
Fes

k3 = (− 1)+

k=

θ
90

δy

Slip (δ )

δmax

δ0,8Pmax

Figure 3. Joint Initial Stiffness and Ductility Evaluation [7]

Table 3. Test Standards

Standard

Property evaluation
Moisture content and density

BS 373-1957 [9]

Dowel-bearing stress of LVL
Sengon

ASTM D5764-95[10]

Wooden dowel bending (three
types of wood)

ASTM F 1575-03 [11]

Partialcompressionperpendicular
to grain
Wooden joints

BS 373-1957 [9]
ASTM D5652-95 [12]

tured from rotary-peeled wood veneers bonded by a
phenol-resorcinol or phenol-formal dehyde adhesive [8].
For dowel, Ulin (Eusideroxylon zwageri),Walikukun
(Schoutenia ovata), and Nangka (Artocarpus heterophyllus) were used.
December 2014 | Vol. 18 | No. 3
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Figure 4. Setup of an LVL Joint Loaded Parallel to the Grain (Units in mm)

Figure 5. Setup of an LVL Joint Loaded Perpendicular to the Grain (Units in mm)

Geometric design and setting up of the joints. The
geometry of the joint was designed in accordance with
SNI7973-2013 (geometry of bolted joints), while the
joint specimens were loaded in a quasi-static state. In
the joint specimens loaded perpendicular to the grain,
the length of a clear span was 450 mm with a thickness
of 50 mm [13]. The geometric test set-up of the joints
loaded parallel and perpendicular to the grain are shown
in Figure 4 and Figure 5, respectively.

Table 4. Test Results of Dowel-bearing Stress

Loadingtothe
grain
Parallel

Perpendicular

Dowel
diameter
12 mm
16 mm
20 mm

Dowel bearing
stress, Fe (MPa)
24.67
19.02
19.43

16 mm

9.02

3. Results and Discussion
Characteristics of LVL Sengon. The average moisture
content and specific gravity of an LVL Sengon member
was around 14.95% and 0.33 gr/cm3, respectively.
The dowel-bearing stress test results summarized in
Table 4 are in good agreement with the results of a
previous study [14]. The characteristics of the bearing
stress are substantially influenced by the diameter of the
dowels, the loading angle to the grain, and the moisture
content [15-17]. The test results showed that the dowelbearing stress loaded parallel to the grain was relatively
much higher than the bearing stress loaded perpendicular to the grain.
Makara J. Technol.

Characteristics of Nangka, Walikukun, and Ulin
Wooden. The moisture content of Nangka, Walikukun,
and Ulin wooden was close to the moisture content
required by SNI7973-2013, which is 15%. The average
specific gravity was 0.61, 0.90, and 0.98, respectively
(see Table 5). The difference in specific gravity in the
wood was due to the influence of the anatomical
structures of wood, such as cell wall thickness and wood
substances [18].
The dowel-bending stress test results are shown in Table
6. In Table 7, the test results show that the magnitude of
partialcompression perpendiculartothegrain increased as
the specific gravity of thewood increased.
December 2014 | Vol. 18 | No. 3
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Table 5. Moisture Content and Specific Gravity

Types of test
MC (%)
Specific gravity, G

Average values
Nangka Walikukun
Ulin
13.20
16.31
14.55
0.61
0.90
0.98

Table 6. Dowel-bending Stress Test Results

Dowel
diameter

Bending
yield
moment,
Myb (Nmm)

Plastic
Bending
bending
yield stress,
moment,
Fyb(MPa)
Mp (Nmm)

Nangka
d16 mm

9067.89

36480.00

22.55

Walikukun
d12 mm

6480.47

20240.00

38.20

Walikukun
d16 mm

15521.98

42453.33

38.60

Walikukun
d20 mm

36638.82

116960.00

46.65

Ulin
d16 mm

17600.96

52853.33

44.83

Figure 6. Determination of the Myb Value

Table 7. Partial Compression Perpendicular to the Grain

Wood
species
Nangka
Walikukun
Ulin

Partialcompression perpendicular
to the grain, Fcvf(MPa)
16.80
26.85
31.12

An empirical equation for Myb. From the bending test
series(Table 6),an empirical equation for the bending
yield moment (Myb) is formulated as
M yb = 1,82 .d 3,34 .G1,49

Figure 7. Experimental Load-slip Curves (Loaded Parallel
to the Grain, Nangka Wooden Dowels d16)

(10)

Whered is the dowel diameter and Gis the specific
gravity. Empirical Eq.(10) can be modeled in a
graphical form as shown in Figure 6.
Joint load–slip curves. The experimental load-slip
curves start with an elastic phase. Lateral load resistance
during initial loading increases in proportion to the joint
slip (Figure 7–Figure 12). In this elastic condition,
elastic bending occurs in the wooden dowels and
bearing stress occurs in the wood members.
In the next phase, some parts of the wooden dowels
reach a plastic condition. In the plastic condition, joint
slip increases more than the increase in the lateral loads.
If the load supported exceeds the joint capabilities, then
a decrease of the lateral load up to collapse or joint
failure occurs.
Makara J. Technol.

Figure 8. Experimental Load-slip Curves (Loaded Parallel
to the Grain, Walikukun Wooden Dowels d12)
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Figure 9. Experimental Load-slip Curves (Loaded Parallel
to the Grain, Walikukun Wooden Dowels d16)

Figure 12. Experimental Load-slip
Perpendicular
to
the
Wooden Dowels d16)

Curves (Loaded
Grain,Walikukun

Lateral load resistance. Both the SNI and EYM
predictions assume that the friction force between main
and side members is ignored. Therefore, lateral load
resistance predicted by the SNI and elastic EYM was
lower than that of the experiment. The average value of
the lateral load resistance based on the SNI and elastic
EYM, respectively, was about 64.53% and 78.45% of
the experimental lateral load resistance (see Table 8).
As a result, it can be concluded that both the SNI and
EYM are suitable for wooden-doweled joint design as
they have enough safety margin.

Figure 10. Experimental Load-slip Curves (Loaded Parallel
to the Grain, Walikukun Wooden Dowels d20)

The analytical results showed that the lateral load
resistance of the SNI prediction were lower than that of
the elastic EYM prediction. This is because the SNI
prediction was designed with a reduction factor of
lateral resistance equal to 0.65.
Figure 7 to Figure 12 show that experimental lateral
loads lay between the EYM prediction of elastic and the
plastic conditions of the wooden dowel. This indicates
that the bending stress of a wooden dowel cannot reach
a full plastic condition.
Joint failure. Failure modes of the joint sloaded parallel
to the grain showed that damage occurs due to plastic
bearing deformation in wood members surrounding the
dowel, followed by the formation of two plastic hinges
in the dowel (Figure 13). It can be concluded that joint
failure was in accordance with failure mode IV of the
EYM (Table 8). Similar to the failure of joint sloaded
parallel to the grain, damage of the joints loaded
perpendicular to the grain was accompanied by splitting
of the side members (Figure 14).

Figure 11. Experimental Load-slip Curves (Loaded Parallel
to the Grain, Ulin Wooden Dowels d16)

Makara J. Technol.

Relationship between dowel diameter and lateral
load resistance. The average lateral load increased as
December 2014 | Vol. 18 | No. 3
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the wooden dowel diameter increased. In failure modes
IIIs and IV, the lateral load was a function of the dowelbending stress that is theoretically influenced by dowel
diameter in the third order of power function. Thus,
lateral load is not linearly proportional to dowel
diameter (Figure 15).
Relationship between dowel specific gravity and
lateral load resistance. The lateral load resistance of
the joint with the Ulin wooden dowel was the highest
followed by the Walikukun wooden dowel and Nangka
wooden dowel. This is potentially due to the variation in
specific gravity of the wooden dowels, which is 0.61,
0.90, and 0.98 for Nangka, Walikukun, and Ulin,
respectively (Figure 16).

Lateral load resistance in the joint loaded parallel
and perpendicular to the grain. The experimental
results showed that the joint loaded parallel to the grain
gave a greater lateral load resistance than the joint
loaded perpendicular to the grain (Figure 17). This has a
direct relationship with the bearing properties of the
wood member where bearing strength under loading
parallel to the grain is generally higher that that under
loading perpendicular to the grain.

Table 8. Experimental Lateral Load Resistance

Dowel
diameter,
Loading to
the grain
Nangka
d16 mm, //

Experiment
(kN)

% of experiment (%)
SNI

Elastic
EYM

13.38

61.80 (IV)

70.25 (IV)

9.71

70.91 (IV)

80.74 (IV)

15.98

65.27 (IIIs)

76.91 (IV)

Walikukun
d20 mm, //

26.70

57.80 (IIIs)

79.96 (IV)

Ulin
d16 mm, //

16.20

66.46 (IIIs)

81.79 (IV)

Walikukun
d16 mm, ┴

13.38

64.92 (IIIs)

81.02 (IV)

Walikukun
d12 mm, //
Walikukun
d16 mm, //

Average

64.53

Figure 15. Relationship between Dowel Diameter and
Lateral Load Resistance

78.45

Figure 16. Relationship between Dowel Specific Gravity
and Lateral Load Resistance

Figure 13. Damage in Joints Loaded Parallel to the Grain

Figure 14. Damage in Joints Loaded Perpendicular to the
Grain

Makara J. Technol.

Figure 17. Comparison of Lateral Load Resistance between
Joints Loaded Parallel and Perpendicular to
the Grain
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Joint ductility. The ductility of a wooden joint is
related to the slenderness ratio (D) of the dowel used in
the joint (Eq.11).
D=

lm
d

(11)

In the above equation, lm is the length of the dowel in
the main member and d is the dowel diameter [19]. In
steel-doweled joints, the slenderness ratio was less than
or equal to 4(D ≤ 4), which indicates that the behavior
of wooden joints is increasingly brittle. For steeldoweled joints with a low slenderness ratio, the steel
dowel is relatively stiff and the full bearing strength of
the wood is developed [20]. In contrast, this study found
that the ductility of the wooden-doweled joints
increased as the diameter of the wooden dowel
increased from 12 mm to 20 mm (see Table 9). This is
potentially due to the axial stiffness of the wooden
dowels being relatively less than that of the wooden
member. Previous works concluded that wooden
dowels, while large in diameter, are considerably more
flexible than steel dowels of the same size [3].

4.

Conclusions

Based on the experimental results and analysis
presented here, it can be concluded that lateral load
resistance given by SNI 7973-2013 and the EYM is in
good agreement with the experimental results. The
experimental lateral load resistance was greater than the
SNI prediction and it lies between the EYM prediction
of elastic and the plastic conditions of the wooden
dowel. Lateral load resistance prediction of the SNI and
elastic EYM is about 64.53% and 78.45% of the
experimental results, respectively.
In contrast to the steel-doweled joints, the ductility
value of the wooden-doweled joints increases as the
diameter of the wooden dowel increases from 12 mm to
20 mm. This is potentially due to the axial stiffness of
the wooden dowels, which are relatively smaller than
the wood members. Joint failure occurs due to plasticbearing deformation in the wood member surrounding
the dowel, followed by formation of two plastic hinges
in the wooden dowel.
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to the grain. This is probably due to the fiber compression
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Dowel diameter,
Loading to the grain

Ductility
value
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Walikukun d16 mm, //
Walikukun d20 mm, //
Ulin d16 mm, //
Walikukun d16 mm, ┴

4.09
4.16
5.21
8.32
7.19
10.64
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15.08
8.11
6.87
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